Key Summary Points {#FPar1}
==================

The optimal treatment sequence in patients with *EGFR* mutation-positive NSCLC is currently unknown.The non-interventional GioTag study demonstrated clinical benefit with sequential afatinib and osimertinib in patients with *EGFR* mutation-positive NSCLC with T790M-acquired resistance.This post hoc analysis aimed to determine the clinical benefit of sequential afatinib and osimertinib in patients who received the approved 40-mg starting dose, as used in the clinical trial setting.Our results further demonstrate prolonged clinical benefit with sequential afatinib and osimertinib therapy (median time on treatment of 27.6 months \[90% CI 26.3--31.3\]), and particular benefit for those with Del19-positive disease (29.9 months \[90% CI 27.6--46.7\]) and Asian patients (46.7 months \[90% CI 28.4--not reached\]).Together with findings from the overall study population, the results of the present analysis support sequential afatinib and osimertinib as a feasible therapeutic strategy.

Introduction {#Sec1}
============

Three generations of epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors (TKIs) are commercially available for the treatment of patients with *EGFR* mutation-positive non-small cell lung cancer (NSCLC) \[[@CR1]\]. Afatinib and dacomitinib (both second-generation irreversible ERBB family blockers), and osimertinib (a third-generation *EGFR* wild-type-sparing, irreversible EGFR/T790M inhibitor) demonstrated superior progression-free survival (PFS) versus the first-generation reversible EGFR TKIs erlotinib and gefitinib in head-to-head trials \[[@CR2]--[@CR4]\]. Furthermore, numerical improvements in overall survival (OS) were observed with second- and third- versus first-generation EGFR TKIs \[[@CR3]--[@CR5]\].

Regardless of the choice of first-line EGFR TKI, acquired resistance is inevitable, the predominant molecular resistance mechanism to gefitinib, erlotinib, and afatinib being the emergence of the "gatekeeper" T790M mutation (in \~ 50--70% of patients) \[[@CR6]--[@CR9]\]. This finding prompted development of the T790M-directed EGFR TKI osimertinib, which was first approved in the second-line setting on the basis of impressive efficacy following failure of first-line TKIs \[[@CR8]\].

In contrast to first- and second-generation EGFR TKIs, treatment options following first-line osimertinib are less clear because of heterogeneous resistance mechanisms that are either not fully understood or not susceptible to currently available drugs \[[@CR10], [@CR11]\]. Furthermore, in an analysis of 91 patients treated with first-line osimertinib in the FLAURA study, no putative resistance mechanism was identified in \> 60% of tumors analyzed \[[@CR11]\]. Consequently, there is debate regarding whether osimertinib would be best reserved for second-line use, given that many patients treated with first- and second-generation EGFR TKIs up-front would be expected to be eligible to receive and benefit from subsequent osimertinib, thus prolonging the chemotherapy-free period \[[@CR1], [@CR12]\]. On the other hand, there is a risk in holding back osimertinib, which is now also approved as a first-line treatment option, having demonstrated superior efficacy and safety versus first-generation TKIs in this setting \[[@CR4]\]. Indeed, not all patients treated with first- or second-generation EGFR TKIs will develop T790M-positive tumors and, thus, would not be eligible to receive osimertinib if it was not given as front-line treatment.

Further research is needed to determine the optimal treatment sequence in patients with *EGFR* mutation-positive NSCLC and, to date, few studies have assessed the cumulative benefit of sequential EGFR TKI regimens. To address this need, the non-interventional GioTag study was conducted in 204 patients with *EGFR* mutation-positive NSCLC with T790M-acquired resistance who were treated with sequential afatinib and osimertinib in the clinical practice setting. In the overall real-world population, the median time on treatment was 27.6 months across all patients, 46.7 months in Asian patients, 30.3 months in patients with Del19-positive tumors, and 36.4 months in those with both Del19-positive tumors and Eastern Cooperative Oncology Group performance status (ECOG PS) 0/1. Clinical benefit was observed across all patient subgroups, including those with poor prognostic factors such as ECOG PS ≥ 2 (median time on treatment 22.2 months) and brain metastases (median 19.4 months) \[[@CR12]\]. Overall survival data were immature at the time of the initial analysis (June 2018; median follow-up 28.2 months) \[[@CR12]\], but a subsequent interim analysis in 94 patients (April 2019; median follow-up 30.3 months) reported a median OS of 41.3 months \[[@CR13]\]. While the approved afatinib starting dose is 40 mg, 17% of patients in GioTag received a modified starting dose of afatinib (most commonly 30 mg); hence, we conducted this post hoc analysis to determine the clinical benefit of sequential afatinib and osimertinib in patients who received the approved 40-mg starting dose, as used in the clinical trial setting.

Methods {#Sec2}
=======

Study Design and Patients {#Sec3}
-------------------------

Full details of the GioTag study design have been published previously \[[@CR12]\]. The global, observational, multicenter GioTag study (NCT03370770) was conducted across 10 countries (Austria, Canada, Israel, Italy, Japan, Singapore, Slovenia, Spain, Taiwan, and the USA) between December 2017 and May 2018. Medical and electronic health records of consecutive patients treated with sequential afatinib and osimertinib in real-world clinical practice were retrospectively reviewed. Eligible patients had *EGFR* mutation-positive (Del19/L858R) TKI-naïve advanced NSCLC, received first-line afatinib, and developed the T790M mutation, and subsequently started on second-line osimertinib (at least 10 months prior to data entry). All patients provided informed consent.

Endpoints and Assessments {#Sec4}
-------------------------

The primary outcome was time on treatment, defined as the time from the first dose of afatinib to the last dose of osimertinib or death. Treatment interruptions and dose reductions for afatinib and osimertinib were documented. *EGFR* mutation and T790M status were determined according to local methodology and practice \[[@CR12]\].

Statistical Analysis {#Sec5}
--------------------

Time on treatment and OS were estimated using Kaplan--Meier analysis, with time on treatment censored at data cutoff for patients still on treatment.

The present post hoc analysis uses data from the first, full analysis (database lock, June 2018). Baseline demographics, disease characteristics, osimertinib starting dose, time on treatment with sequential afatinib and osimertinib, time on treatment for each EGFR TKI, and OS were assessed in the subgroup of patients treated with a 40-mg starting dose of afatinib. Additionally, treatment duration analyses in this subgroup were further subdivided by ethnicity, age, *EGFR* mutation type, presence of brain metastases, and ECOG PS.

Compliance with Ethics Guidelines {#Sec6}
---------------------------------

The study was carried out in compliance with the protocol, the principles laid down in the Declaration of Helsinki, in accordance with the International Conference on Harmonisation Harmonized Tripartite Guideline for Good Clinical Practice, Good Epidemiological Practice, Guidelines for Good Pharmacoepidemiology Practice, and relevant sponsor standard operating procedures. The study was initiated only after all required legal documentation was reviewed and approved by the respective institutional review board/independent ethics committee (the Ethics Committee of the City of Vienna for the principal investigator MJH; all other ethics committees are listed in Supplementary Table 1) and competent authority according to national and international regulations.

Results {#Sec7}
=======

Patients {#Sec8}
--------

Of 204 patients included in the GioTag study, 169 received afatinib at the approved starting dose of 40 mg/day (40-mg starters). Baseline characteristics in these 40-mg starters were similar to those in the overall patient population (Table [1](#Tab1){ref-type="table"}) \[[@CR12]\], with patients in both groups being ethnically diverse; baseline characteristics were also similar in patients who received afatinib 40 mg and those who received \< 40 mg (Supplementary Table 2). Patient enrollment by country for the 40-mg starters is shown in Supplementary Table 3; patient baseline demographic and disease characteristics for Asian and non-Asian patients are shown in Supplementary Table 4. At the start of afatinib treatment, 123 (72.8%) patients in the 40-mg subgroup had a Del19 mutation and 45 (26.6%) had the L858R mutation (one patient had both Del19 and L858R mutations). At the start of osimertinib treatment, all patients had a documented T790M mutation. Consistent with the overall population, 17 (10.1%) patients had brain metastases at the start of afatinib treatment. ECOG PS was 0, 1, or ≥ 2 in 39 (23.2%), 87 (51.8%), and 28 (16.7%) patients, respectively, at the start of afatinib treatment. As seen for the overall population, the proportion of patients with higher ECOG PS was greater at the start of osimertinib treatment (data not shown).Table 1Baseline characteristics and osimertinib starting doses in patients who received a 40-mg starting dose of afatinib and in the overall patient populationCharacteristicPatients who received 40-mg starting dose (*N* = 169)Overall (*N* = 204)At start of afatinib therapyAt start of afatinib therapyFemale, *n* (%)92 (54.4)110 (53.9)Median age, years (range)60.0 (30--83)60.0 (30--86)Median weight, kg (range)70.0 (36.6--115.7)70.2 (37--116)Median BMI, kg/m^2^ (range)24.9 (15.0--45.2)25.3 (15.0--45.2)Ethnicity, *n* (%) Asian46 (27.2)50 (24.5) Non-Asian109 (64.4)138 (67.6) African-American16 (9.5)18 (8.8) Caucasian93 (55.0)120 (58.8) Other10 (5.9)10 (4.9) No data4 (2.4)6 (2.9)Stage IV disease, *n* (%)163 (96.4)197 (96.6)*EGFR* mutation, *n* (%) Del19123 (72.8)150 (73.5) L858R45 (26.6)53 (26.0) Del19 + L858R1 (0.6)1 (0.5)ECOG PS, *n* (%) 039 (23.1)43 (21.1) 187 (51.5)110 (53.9) 2/328 (16.6)31 (15.2) No data15 (8.9)20 (9.8)Presence of brain metastases, *n* (%)17 (10.1)21 (10.3)Osimertinib starting dose, *n* (%) 80 mg165 (97.6)200 (98.0) 60 mg2 (1.2)2 (1.0) 40 mg2 (1.2)2 (1.0)*BMI* body mass index, *ECOG PS* Eastern Cooperative Oncology Group performance status, *EGFR* epidermal growth factor receptor

The main reason for discontinuation of afatinib (*n* = 159/169 \[94.1%\]) and osimertinib (*n* = 79/87 \[74.5%\]) was progressive disease (Supplementary Fig. 1). At the time of database lock (June 29, 2018), 87 \[51.5%) patients had discontinued osimertinib and 82 remained on treatment.

Time on Treatment {#Sec9}
-----------------

With median follow-up of 28.2 months (range 14.0--96.8 months), the median time on treatment for sequential afatinib and osimertinib in the afatinib 40-mg starters was 27.6 months (90% CI 26.3--31.3; Fig. [1](#Fig1){ref-type="fig"}). Median time on afatinib was 11.5 months (90% CI 10.5--12.2) and median time on osimertinib was 14.6 months (90% CI 13.2--15.9). The median time between stopping afatinib and starting osimertinib treatment was 0.6 months (90% CI 0.5--0.7).Fig. 1Time on treatment with sequential afatinib and osimertinib in the 169 patients treated with a 40-mg starting dose of afatinib: **i** overall time on treatment with afatinib and osimertinib; **ii** time on afatinib treatment; **iii** time on osimertinib treatment

Overall time on treatment, and time on afatinib and osimertinib according to patient subgroups (by ethnicity, *EGFR* mutation type, presence of brain metastases, ECOG PS, and age) are shown in Table [2](#Tab2){ref-type="table"} and Fig. [2](#Fig2){ref-type="fig"}. Clinical benefit with sequential afatinib and osimertinib was observed across all patient subgroups, with a particularly prolonged median time on treatment reported for Asian patients (overall 46.7 months; afatinib 14.0 months; osimertinib 19.6 months). Median times on sequential and individual EGFR TKI treatments were numerically longer in patients with Del19 versus L858R mutations (overall 29.9 vs 18.8 months; afatinib 12.2 vs 9.4 months; osimertinib 15.0 vs 9.4 months) and in patients with ECOG PS 0/1 vs ≥ 2 (overall 31.3 vs 20.9 months; afatinib 12.0 vs 10.0 months; osimertinib 15.9 vs 8.4 months). Patient age at start of therapy did not affect time on treatment (median 28.1 months for patients aged \< 65 years and 27.6 months for those aged ≥ 65 years), while median time on treatment was numerically longer in patients without versus those with baseline brain metastases (overall 27.6 vs 22.2 months; afatinib 11.6 vs 10.5 months; osimertinib 14.6 vs 10.2 months).Table 2Median (90% CI) time on treatment (overall and with afatinib and osimertinib) across patient subgroups among the 40-mg startersBaseline demographic/disease characteristicOverall time on treatment (months)Time on afatinib treatment (months)Time on osimertinib treatment (months)Overall population (*n* = 169)27.6 (26.3--31.3)11.5 (10.5--12.2)14.6 (13.2--15.9)Ethnicity Non-Asian (*n* = 123)26.7 (24.0--28.1)11.1 (10.4--12.0)13.8 (12.4--15.9) Asian (*n* = 46)46.7 (28.4--NR)14.0 (10.4--16.8)19.6 (13.5--NR)*EGFR* mutation at start of afatinib therapy Del19 (*n* = 123)29.9 (27.6--46.7)12.2 (11.9--13.1)15.0 (13.4--19.6) L858R (*n* = 45)18.8 (15.0--26.3)9.4 (6.0--10.2)9.4 (5.6--14.6)Asian and Del19-positive (*n* = 29)46.7 (36.4--46.7)16.8 (13.9--18.3)19.6 (13.6--NR)Presence of brain metastases^a^ Yes (*n* = 17)22.2 (16.0--NR)10.5 (8.0--13.1)10.2 (7.2--NE) No (*n* = 152)27.6 (26.6--32.0)11.6 (10.5--12.2)14.6 (13.4--16.4)ECOG PS^a^ 0/1 (*n* = 126)31.3 (27.6--NR)12.0 (10.5--12.5)15.9 (13.8--19.6) ≥ 2 (*n* = 28)20.9 (15.3--27.0)10.0 (7.1--10.9)8.4 (4.0--12.9)Age at start of afatinib therapy \< 65 years (*n* = 116)28.1 (26.6--31.3)11.6 (10.4--12.1)14.8 (13.6--17.1) ≥ 65 years (*n* = 53)27.6 (18.1--NR)11.3 (10.3--13.1)12.8 (7.7--21.4)*CI* confidence interval, *ECOG PS* Eastern Cooperative Oncology Group performance status, *EGFR* epidermal growth factor receptor, *NE* not evaluable, *NR* not reached^a^Based on presence of brain metastases/ECOG PS at the start of the respective therapy (presence at start of afatinib for overall time on treatment)Fig. 2Overall time on treatment with sequential afatinib and osimertinib by subgroup: **i** ethnicity; **ii** type of activating *EGFR* mutation at baseline; **iii** presence or absence of brain metastases at baseline; **iv** ECOG PS at baseline; **v** age (\< 65 vs ≥ 65 years). ECOG PS Eastern Cooperative Oncology Group performance status

Overall Survival {#Sec10}
----------------

OS data for the 40-mg starters were immature at the time of database lock. OS analysis among patients who started on 40 mg was therefore limited to landmarks of 2 and 2.5 years, where maturity was 45.3% and 34.5%, respectively. The 2-year and 2.5-year OS rates from the start of afatinib treatment were 80% and 70%, respectively.

Discussion {#Sec11}
==========

This post hoc analysis of the non-interventional, global GioTag study provides further evidence for prolonged clinical benefit with sequential afatinib and osimertinib therapy, with results in patients who received the approved 40-mg starting dose of afatinib consistent with those previously reported for the overall patient population \[[@CR12]\]. This is an important finding as, without evidence, it cannot automatically be assumed that the overall study results are applicable to a patient subgroup. Further, with questions remaining about the optimum treatment strategy for *EGFR* mutation-positive NSCLC, these results support sequential afatinib followed by osimertinib as a feasible therapeutic option in patients who acquire the T790M mutation.

Consistent with the overall GioTag study population, the 169 patients who received a 40-mg starting dose of afatinib were of diverse ethnicity, and there were no notable differences in the proportion of patients with ECOG PS 2/3 or type of *EGFR* mutation (Del19/L858R) when compared to the overall patient population \[[@CR12]\]. The median time on treatment with sequential afatinib and osimertinib in patients receiving a starting dose of 40 mg afatinib (27.6 months \[90% CI 26.3--31.3\]) was also consistent with that seen for the overall GioTag population (27.6 months \[90% CI 25.9--31.3\]), as were the median times for individual afatinib (11.5 months) and osimertinib (14.6 months) treatments (11.9 months and 14.3 months, respectively, in the overall population). It should be noted that the median overall time on treatment, time on afatinib, and time on osimertinib may be from three different patients; hence, the median overall time on treatment would not be expected to equal the sum of the median times on afatinib and osimertinib. Importantly, these findings were consistent across patient subgroups, with particular benefit seen in Asian patients and those with Del19-positive disease.

The particular benefit in patients with Del19-positive disease versus those with L858R-positive disease was also seen in the overall real-world patient population \[[@CR12], [@CR13]\], and in the phase III LUX-Lung 3 and 6 studies \[[@CR14]\]. Indeed, it has been suggested that Del19- and L858R-positive tumors be considered as separate disease entities \[[@CR13]\]. The clinical benefit with sequential afatinib and osimertinib treatment in Del19-positive patients is particularly relevant considering that Del19-positive tumors are more likely to acquire the T790M mutation (75% likelihood compared with up to 58% for L858R-positive tumors) \[[@CR9], [@CR15], [@CR16]\]. Further, and importantly for real-world clinical practice, patients with characteristics associated with a poor prognosis, such as those with ECOG PS ≥ 2 and stable brain metastases, also derived clinical benefit with the approved 40-mg starting dose of afatinib used in clinical trials.

The main limitations of this analysis relate to the retrospective nature of the GioTag study and potential for selection bias. However, to minimize the potential for selection bias, the study only included consecutive patients who fulfilled all of the inclusion criteria and enrollment was limited to a maximum of 15 patients per site. The other main limitation of the study was the lack of a comparator arm, which limits interpretation of the results.

Together with the overall study results \[[@CR12]\], the results of this post hoc analysis provide further evidence for the effectiveness of sequential treatment with a starting dose of 40 mg afatinib followed by osimertinib in patients with *EGFR* mutation-positive NSCLC who acquire T790M. While there is strong evidence for the use of osimertinib in the front-line setting \[[@CR4]\], given the lack of targeted therapeutic options following osimertinib therapy \[[@CR10], [@CR11]\], the data reported here suggest that sequential afatinib and osimertinib may effectively prolong the chemotherapy-free treatment period.

Conclusions {#Sec12}
===========

The results of this subgroup analysis are consistent with the overall findings from the GioTag study, demonstrating prolonged time on treatment with sequential afatinib and osimertinib in the subgroup of patients who received a 40-mg afatinib starting dose. Together with previous findings for the overall study population \[[@CR12]\], the results of the present analysis support sequential afatinib and osimertinib as a feasible therapeutic strategy, resulting in a median chemotherapy-free treatment time of 27.6 months for both the overall patient population---treated in the real-world setting---and patients who received a 40-mg starting dose of afatinib, a subgroup which more closely reflects the clinical trial setting.
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